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Abstract 
  With the exponential growth of global energy demand and the rising prices of conventional fuels, the necessity of developing 
proper alternative fuels is at an all-time high. Biodiesel is considered to be a suitable alternative that has the potential to reduce 
the amount of future fossil fuel requirement substantially. Process intensification is the method of combining several unit 
processes or operations to a single unit. The scope of the paper includes comparison of the conventional and intensified biodiesel 
plants through simulation in Aspen Plus V. 8.6 and subsequent result analysis. The conversion and hot utility requirement of the 
conventional and intensified biodiesel plants are compared and the reasons for the same are discussed. The reactive distillation 
process is found to have a higher conversion and lower hot utility requirement. 
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1. Introduction 
With the fast depleting resources and ever increasing prices of fossil fuels, the need for alternate liquid fuels are at 
an all-time high. The fossil fuel usage is held culpable for the massive pollution rates. Since biodiesel has a lower 
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carbon footprint than petroleum diesels [1] and also because of the diverse feedstock compatibility, it holds a 
potential as a possible replacement for conventional fuels. Process intensification is a new branch of chemical 
engineering that involves reduction of size of a chemical plant by combining several unit processes or operation to a 
single unit. A reactor combined with a unit operation is called a multifunctional reactor. Reactive distillation is an 
example for a multifunctional reactor. Reactive distillation can substantially reduce the size of the   process by 
making it more compact along with several other process incentives [2]. Here in this paper, process incentives of 
using a reactive distillation column over a conventional biodiesel plant with separate reactors and distillation 
columns is analyzed by Aspen  Plus  simulation. 
Nomenclature 
FAME Fatty Acids Methyl Ester  
RDS Rate Determining Step 
1.1. Biodiesel production 
   Various types of feedstock are compatible for biodiesel manufacture. This includes waste cooking oils, animal 
fats, and non-edible oils such as jatropha curcus oil. The major component of the oils are the triglycerides. These 
undergo transesterification with methanol or ethanol to give Fatty Acid Methyl Esters (FAME) and Glycerol, as 
given in Fig. 1 (a). Here RN  represents the fatty acid chain. Acidic and basic catalysts can be used for 
transesterification but basic catalysts like NaOH or KOH are used most often in industries because of higher yield at 
a shorter time [3]. This reaction is reversible hence   excess   methanol   is  provided  to shift  the kinetics in  the 
forward direction.  In this paper biodiesel manufacture by the transesterification of jatropha curcus oil using 
methanol in presence of NaOH as catalyst is simulated.                                                                
 
 
 
 
 
 
 
 
Fig. 1. (a) Transesterification reaction; (b) Sections of a reactive distillation column (c) Mechanism of transesterification reaction 
1.2.  Reactive Distillation  
   Reactive Distillation is considered as the front runner of process intensification [4]. In a reactive distillation 
column, chemical reactions and separation takes place simultaneously. The reactive distillation column contains 
multiple sections, as given in Fig.1 (b). The reaction takes place in the reactive section. The products move away 
from the reactive section because of the volatility difference. The products enter the distillation sections at the top 
and bottom of the reactive section to enhance its purity. Since the products are continuously removed from the 
column, forward reaction is favoured even without the provision of excess methanol. This is responsible for the 
higher yields of reactive distillation columns [5]. Applications of reactive distillation has been intensively 
researched nowadays; especially after the successful commercialization of Methyl Tertiary Butyl Ester (MTBE) and 
Methyl Acetate [6].       
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2. Methodology 
   Simulation in Aspen Plus was done based on the following assumptions. 
2.1. Assumptions involved 
   The entire oil triglyceride component is assumed to be Triolein. Though jatropha curcus oil contains different  
triglycerides in it as given in Table 1, Triolein is suitable to represent all of them because of the similar properties 
and molecular weight [7]. The rate of the  slowest step of the reaction mechanism is taken as the rate determining 
step of transesterification . Transesterification takes place in three steps, as given in Fig. 1 (c).  
 
                                             Table 1. Jathropha curcus oil concentration 
. 
Fatty Acid Jatropha curcas oil seed (%) 
Oleic 18:1 44.7 
Linoleic 18:2 32.8 
Palmitic 16:0 14.2 
Stearic 18:0 7.0 
Palmitoliec 16:1 0.7 
Linolenic 18:3 0.2 
Arachidic 20:0 0.2 
 
   The rate determining step (RDS) for overall alkali catalyzed transesterification of Jatropha curcas oil is the first 
step where the conversion of triglyceride (TG) to diglyceride  (DG) takes  place [8]. In the second step Diglyceride 
will get converted to monoglyceride (MG). The third step of the reaction is conversion of monoglyceride to glycerol 
(GL) with forward rate constant of reaction a K5 and backward rate constant of reaction as K6 .Fatty Acid Methyl 
Esters (FAME) are the common product in all the steps. The kinetics is shown in Table 2. 
 
                                Table 2.Kinetic values of triglyceride to diglyceride   conversion 
              in presence of NaOH 
 
T  0C K1(Lͼmolо1ͼminо1)
K2  
(L·molí1·miní1) 
35 0.057 0.003 
45 0.095 0.009 
55 0.182 0.021 
65 0.382 0.053 
Ea(kJͼmolо1) 54.86 81.94 
R2 0.991 0.999 
 
3. Simulation 
3.1. Case I : Aspe Plus simulation of a conventional biodiesel plant without reactive distillation column. 
   Non Random Two Liquid (NRTL) is selected as the physical property model [9]. The vapour pressure of triolein is 
negligible and the Antoine Vapour Pressure Coefficient was provided with a small value [10]. Feed and recovered 
methanol from METHREC (for flow diagram refer Appendix A) stream were mixed in mixer, MIX1 and then heated. 
The hot stream is sent to a stirred Tank reactor after mixing it with NaOH in the mixer, MIX3. The kinetics for the 
transesterification is taken from that of the Rate Determining Step. Excess and unreacted methanol is recovered from 
the column METHREC and recycled. The bottoms (BTM) with the product is sent to a glycerol column and then to a 
waterwash column to separate the polar components, Glycerol and NaOH. The unreacted Triolein is separated from 
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FAME in column DC2. Specifications for the columns are given in Table 3. 
  Table 3.   Column specifications for Case 1 
Methanol Recovery 
( METHREC ) Glycerol column-DC2 FAME column-DC3 
No of stages 30 15 15 
Reflux ratio ( mole ) 4 2 2 
Distillate rate ( kg/hr ) 77 100 299 
Condenser type Total Total Total 
Reboiler type Kettle Kettle Kettle 
Feed stage 
7 7 7 
3.2 Case II: Aspen  Plus  simulation of biodiesel plant with reactive distillation column 
   NRTL is selected as the physical property model because of the presence of polar components. The oil enters the 
reactive distillation column (RD)  at the 5th stage where as methanol enters the column at the 8th stage as vapour. 
There are a total of 20 stages in the column and the reactive section is between 5 and 16. Reaction is added in the 
REAC DIST model with the same kinetics as Case I. The catalyst is removed by extraction with water, represented 
here with a water wash column (WWC). Specifications for the columns are given in Table 4. For corresponding 
flow diagram and mass balance table for Case II, see Appendix B. 
 Table 4.  Column specifications of Case 2                 
             
   After simulating both plants in Aspen Plus they were analyzed to identify the incentives of process intensification 
by use of a reactive distillation column in the production of biodiesel. Methanol vapours are allowed to enter at the 
bottom of the reactive section. It gets condensed on contact with the Triolein fed from the top. The reaction takes 
place in the liquid phase. The products namely Methyl Oleate and glycerol along with the unreacted Triloein is 
obtained as the bottom product. This is also evident by the distillation profile obtained in Fig. 2. 
    
 
 
 
 
 
 
                       
   
 Reactive Distillation column- RD Glycerol column-DC1 
 
FAME Column – DC2 
 
No of stages 20 15 15 
Reflux ratio 
( mole ) 4 2 2 
Distillate rate 
( kg/hr ) 60 90 492 
Reactive section 5-16 Nil Nil 
Condenser type Total Total Total 
Reboiler type Kettle Kettle Kettle 
Feed Stage  Oilfeed-5 Hotmetha- 8 7 7 
 
                                         Fig.2. Reactive Distillation composition Profile 
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4. Results and discussions 
4.1  Conversion
The conventional biodiesel plant without a reactive distillation column is found to have a lower conversion than 
that which was intensified with the reactive distillation column. This is because transesterification reaction is a 
reversible reaction and in case I, the effects of the backward reaction reduced its conversion.. Table 5 shows 
conversion of both cases. From the profile Fig.2. it is evident that the reaction rate is higher  at the enriching section 
because of continuous product removal from the reactive section which favours forward reaction [11]. The higher 
methanol fractions in the reactive section also favours the forward reaction thereby increasing conversion. 
 
                                        Table 5. Comparison of conversion 
 Case 1 Case 2 
Jatropha Oil Feedstock kg/hr 1084 1084 
FAME Produced kg/hr 360.63 527.39 
Conversion % 33.26 48.44 
4.2 Energy Requirements 
Energy requirement for separation was higher for Case I than for Case II. This is because Case I included energy 
for methanol recovery, FAME and glycerol purification. Hot utility requirement for reactive distillation method was 
60.33% less than that required for the conventional process. The  reflux ratios has a profound influence on energy 
requirements and reflux ratios were kept constant at 2 for columns DC1 and DC2 columns and 4 for RD and 
METHREC Columns. The utility requirements obtained from the simulation are shown in Table 6. The reduction is 
because of the proper utilization of heat of reaction within the reactive distillation column. For finding the hot utility 
requirements Aspen Plus Energy analysis was used. 
 
                                                                           Table 6. Hot Utility Requirements 
 
5. Conclusion 
   The process gains obtained through intensification of a conventional biodiesel plant by addition of a reactive 
distillation column was studied. It was found that 1) Total conversion is higher for the process that has a reactive 
distillation column. 2) Hot utility requirements for conventional process are lower for the reactive distillation 
process. Process intensification is a sustainable processing technique that leads to energy, capital and environmental 
benefits by reduction of plant size and maximal utilization of feedstock available. 
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Method Hot utility cal/s 
RD 59,730 
Conventional 1,52,400 
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Appendix A. Conventional process ( Case I )   
 
 
 
 
 
 
 
 
 
 
 
   Fig A. Flow diagram of the conventional process (Case I). 
 
Table A1. Properties of major streams  
Composition of/in OILFEED Kg/hr HOTMETH Kg/hr FAME Kg/hr GLYCEROL Kg/hr 
Triolene 1084.16 8.97E-148 1.21E-147 0 
Glycerol 0 0 0 37.4306 
Methyl oleate 0 0 360.6367 0 
Methanol 0 117 0.9297856 0 
Total Flow Kg/hr 1084.16 117 361.5665 37.4306 
 Temparature C 200 254.8 369.8696 214.841 
Pressure Bar 3.998959 3.998959 3.998959 3.03975 
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Appendix B.  Biodiesel production through  reactive distillation process ( Case 2 )   
 
 
 
Fig B. Process flow diagram for the process with reactive distillation (Case II). 
 
 
Table B. Properties of major streams 
 METH Kg/hr OILFEED Kg/hr FAME Kg/hr Glycerol Kg/hr 
Methanol 117 0 9.54E-05 0 
Triolene 0 1084 5.02E-146 0 
Methyloleate 1.59E-17 0 527.3909 0 
Glycerol 1.72E-15 0 0 54.60915 
Total Flow 117 1084 527.3909 54.60915 
Temparature C 95.35736 100 396.4816 310.1745 
Pressure Bar 3.03975 3.998959 3.03975 3.03975 
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